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Abstract 
Bioactive-glass scaffolds are crucial in bone tissue engineering since they act as temporary templates for tissue regrowth, providing 
structural support to the cells. The enhancement of the angiogenic potential of implantable biomaterial scaffolds is receiving much 
attention in tissue engineering strategies. The angiogenic potential of most synthetic and natural materials used to fabricate tissue-
engineered scaffolds is limited, insufficient, or even absent, numerous attempts have been made to enhance angiogenesis associated with 
tissue-engineered constructs, either by changing physicochemical properties or by supplementation with angiogenic factors. In order to 
improve the angiogenic effect of bioglass nano potash alum was incorporated to the Bioglass. Both   Bioglass and alum doped Bioglass 
were synthesised by wet chemical method (sol-gel method) and its physiological properties were studied using TGA, XRD, FESEM, its 
cytocompatibility was studied by in vitro cell culture studies, and these bioglass are able to form a hydroxycarbonate apatite layer on their 
surface when in contact with an aqueous solution.  
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1. Introduction 
Human body damages especially for hard tissues such as bone, hip, knees teeth and tendons cause great hardship to 
human kind [1]. The increasing need for artificial replacement parts which can be used to repair and to reconstruct disease 
or damaged part is alarming. The use of synthetic materials to replace parts of the human body dates back to thousands of 
years ago. Some of the examples were Gold dental prostheses in Egyptian mummies, copper and bronze biomaterials used 
in pre-Christian era etc. Until the 19th century, these materials continued to be the most frequently used to make implants 
[2]. Nowadays, the need of scaffolds to grow and engineer soft tissues has also increased, the recent scaffolds are been 
graded as regenerative medicines. Also the recent trends involve the development of nanostructured materials to improve 
their biocompatibility [3]. 
The most prominently applied bioactive materials for bone regeneration are hydroxyapatite and tricalcium 
phosphate as well as bioactive glasses [4]. Hydroxyapatite (HA, Ca10(PO4)6(OH)2) (HAP) is a naturally occurring mineral 
and the predominant component of vertebrate bone and tooth enamel. However due to the brittle nature of porous HAP, it 
can be used only in non-loading sites [4]. In general synthetic hydroxyapatite is widely used in dental, craniofacial and 
orthopaedic surgery, mainly as granules and as bioactive coating on load bearing implants. HAP is osteoconductive, 
biocompatible and practically inert, it is resorbs with time but degenerates at a slower rate [5].  
© 2013 BJS Sanderson. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Bioactive glasses was based on SiO2-CaO-P2O5-Na2O system, which have been shown to form a mechanically 
strong bone and soft tissue bonding occurs by the rapid formation of a thin layer of hydroxycarbonate apatite or 
hydroxyapatite (similar to biological apatite) on the glass surface when implanted or in contact with biological fluids[6-8]. 
The glass will be absorbed and finally replaced by bone because all of the constituents in the bioglass are physiological 
chemicals found in the body (silicone, sodium, potassium, magnesium, oxygen, calcium, phosphorus). It has also been 
shown that bioactive glasses provide an ideal environment for colonization, proliferation and differentiation of human 
Osteoblasts to form a new bone. Since bioactive glasses are able to form bonds to soft tissues, the incorporation of bioactive 
glass particles either as coatings or fillers into resorbable ceramic/polymer scaffolds is seen as a convenient way to develop 
scaffolds for tissue engineering applications. The percentage of compositional variations and inclusion of other metal oxides 
in SiO2-CaO-P2O5-Na2O system gives different types of Bioglasses. They include Ceravital®, Cerabone®,  A/W glass 
ceramics, 45S5 glass compositions, 58S bioactive composites etc.[9-11]. 
 Bioglass can be synthesised by two methods, (i) Melt quench method and (ii) Sol-gel method. In melt quench 
method, it is prepared by mixing all the precursors in a ball mill at high temperature and the molten material obtain by ball 
milling is rapidly cooled sufficiently quick, in order to preclude crystal nucleation, the melt can also be casted into desired 
shapes or the slurry can be directly coated over the substrate by flam spray method [12]. The advantages of sol-gel 
synthesise over melt quenching method are use of soft chemicals, lower reaction temperature, larger composition area, the 
bioglass synthesised by this method has faster release soluble silica, higher surface area and rich in reactive silanol group, 
thereby greater rate of resorption and bone formation[13]. 
Alum KAl(SO4)2·12(H2O) also known as potash alum, has been extensively used as both internal and external medicine 
in Siddha medical system due to its antimicrobial activity and antihaemorragic activity[14-15]. Alum enhances the 
constriction of blood capillaries and their by arrest both internal and external bleeding this property is mainly due to it 
astringent effect, and is expected to have influence over angiogenesis, as bioglass is found to have promote 
angiogenesis[16]. The effect of alum on the angiogenesis property of bioglass can be exploited to synthesis and fabricate 
tissue engineering scaffolds. 
 
2. Materials and Methods 
2.1 Synthesis of Bioglass 
The bioglass with weight percentage of SiO2(45%)-CaO(32.5%)-P2O5(12.5%)-Na2O(10%) was prepared by sol-gel 
method, the precursor used in this study was Tetraethylorthosilicate (TEOS). The silica sol was prepared in acidic medium 
with no catalyst. The initial procedure involves mixing of TEOS and HNO3 as an acidic media, followed by ethanol in order 
to aid complete hydrolysis, for the formation of gel after 30 minutes of mixing; the following reagents were added at an 
interval of 20 minutes in the order of orthophosphoric acid, calcium nitrate and sodium hydroxide. The solution was stirred 
for additional 4 hours to obtain homogenous gel. On completion of the hydrolysis process, the sols were aged at a 
temperature of 70°C for 24 hours, and then the dry white powder was annealed at 600oC for 2 hours. 
2.2 Synthesis of potash alum and alum bioglass 
The nano potash alum was prepared by solution phase crystallization method. Where the bulk KAl(SO4)2·12(H2O) 
was procured from Alfa Aesar, USA and it was dissolved in water upto the saturated limit. It was again heated at 80°C and 
added the salt to make the solution to super saturated limit. The resultant solution was cooled at room temperature and 
allows forming crystal for 24 hrs. The formed crystal were filtered out and dried at room temperature. The alum bioglass 
was prepared by sol-gel method similar to the synthesis of Bioglass, the prepared nano potash alum (5 wt %) was added in 
the sol of Bioglass. The obtained sol-gel was aged at the temperature of 70°C for 24 hrs. The calcination temperature of the 
obtained powder was chosen for TGA-DSC analysis and annealed at 600°C for 2 hrs. 
2.3 Characterisation techniques 
  The thermal behaviour of the samples was analysed using TGA-DSC analysis using thermal gravimetric analysis 
(NETZCH, Germany) at the heating Rate of 10K/min in nitrogen atmosphere using platinum crucible. The phase analysis of 
the sintered samples were investigated by X-ray diffraction (XRD) analysis with X-ray diffractometer (PANalytic, The 
Netherlands) using monochromotized Cu KĮ radiation at scanning speed of 0.5 o/min. The surface morphology and 
elemental analysis was examined from Field emission scanning electron microscopy (FESEM) and energy dispersive X-ray 
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analysis (EDS) techniques (Hitachi SU6600, Singapore).  
2.4 Cytocompatibility test 
The Biocompatibility of the samples was studies using in vitro cell culture studies. 200 μl of fibroblast cell line 
3T3 maintained in DMEM medium, supplemented with 10% Fetal Bovine Serum, at 37oC in humidified atmosphere with 
5% CO2 were plated in 12 well flat bottom tissue culture plates at a density of approximately 1.2*105 cells/well. Cells were 
seeded along with various Bioglass samples at 75μg concentration and incubated for 72 hours at 37oC. Fresh Growth 
medium was replaced at regular intervals. After incubation old growth medium was discarded and samples were washed 
with phosphate buffer and the 3T3 cells were scraped and were treated with 10μl of MTT (5mg/ml). After 4 hours, the 
medium was discarded and 100μl of DMSO was added to dissolve the formazan crystals. Then, the absorbance was read at 
570nm in a micro titre plate reader. Cell survival was calculated by the following formula: 
Viability % = (Test OD/ Control OD) X 100 
Cytotoxicity % = 100 – Viability% 
 
3. Results and Discussions: 
3.1. TGA/DSC analysis of as-prepared Alum and Alum Bioglass  
The TGA –DSC graph of alum is illustrated in above fig.3.1(a). In these graphs three transitions is clearly revealed. 
The first transition in TGA is upto 200° C   is due to the loss of water content in the sample. The next transition is from 200 
° C to 400 ° C is due to loss of non bonded sulphate compounds present in the sample.  
 
 
(a) 
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Fig. 3.1. TGA/DSC Analysis of as-synthesized (a) Alum Nanoparticles and (b) alum Bioglass 
The corresponding endothermic peak in DSC at 300 ° C confirms the crystalline formation. In transition from 400 ° 
C to 600 ° C the mass loss is very less and this gives the final product and crystallization of potash alum. From this the 
suitable sintering temperature is found to be 600 °C. The five major transitions in TGA-DSC for Bioglass alum is shown in 
fig. 3.1(b). The first transition upto 200°C in TGA and corresponding endothermic peak in DSC is corresponds to the 
aqueous loss in the sample. The second and third transitions from 200°C to 400°C and 400°C to 600°C and two exothermic 
peaks corresponds to is due to loss of Hydroxyl, organic and aqueous nitrate compounds which is used during synthesis.  
After 650°C there occurs a flat region and there occurs a big endothermic peak which shows a major solid- solid transition 
occurs at that place. The optimum sintering temperature is chosen to be at 600°C.  
 
3.2. XRD Analysis of nano Bioglass (BG1) and Bioglass alum (BG1-alum) 
Fig. 3.2. Illustrates the XRD spectrum of Bioglass (BG1) and Bioglass alum (BG1-alulm). In Bioglass most of the peaks 
are well matched with Na4CaSi3O9 and Na2Ca3Si6O16 having it’s JCPDF 37 – 0282 and 23-0671 respectively. Both these 
compounds are having the basic element of Bioglass and hence it gives a complementary result for the formation of the 
Bioglass. The compound Na2Ca3Si6O16  is termed as devrite the formation of the compound in Bioglass matrix will enhances 
the biocompatibility of the materials [17].And with the addition of  5% alum to the Bioglass the complete matrix shows 
some amorphous peaks in addition to the alum (JCPDF30-0903) and Bioglass peaks. The intensity of the peaks of Bioglass 
also suppressed, this may be due the presence of hydrous formation in alum. 
(b)
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Fig. 3.2. XRD spectrum of Bioglass (BG1) and Bioglass alum 
3.3. Surface Morphology and Elemental Analysis using FESEM and EDS Analysis 
Fig.  3.3 shows the FESEM images  of (a) nano Bioglass(BG1), (b) nano Alum and (c) Alum-Bioglass. From the 
above images, it can be noted that particles are not having well defined shape. But most of the particles are having lesser 
than 100 nm. Some particles having greated than 200nm may be due to agglomeration of the particles during sintering. 
The FESEM analysis of nano Bioglass- alum shows the combination of small spherical particles of alum having its average 
particle size around 60 nm in combination to bigger particles of Bioglass. Zhuangu et al. also reported that the material at 
the nanosize plays a major role in tumor angiogenesis targeting [18]. Therefore, the nano alum biolgass is expected to have 
higher potential in angiogenesis targeting and bone regeneration. The EDS analysis also proved by showing the entire 
elemental spectrum with its stoichiometric proportions of Bioglass – alum. Hence here the alum which is added to Bioglass 
does not form and molecular bondage with that of Bioglass and it is homogeneously spread in the Bioglass amorphous 
matrix as discussed in XRD section. 
3.4 Cytocompatibility and biocompatibility studies 
The biocompatibility of the Bioglass and Bioglass alum was estimated from the MTT assay. The absorbance of 
the MTT assay for 3T3 cell lines after 3 days was observed at 570nm for all the samples. The experiment was repeated 
twice and the results are tabulated in table 1.  The viability of the cells is higher for Bioglass alum compare to Bioglass.  
While using tissue engineering scaffolds especially in the case of bone tissue engineering the percentage of fibroblast 
formation must be less [19]. Since, the bone formation will be in the order of formation of periosteum which will transform 
to osteoblast and chondroblast. The final formation will be of bone marrow and fibroblast. According to our present studies 
the alum Bioglass has to support the fibroblast formation but it has to give more preference to osteoblast cells formation in 
the initial period. 
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Table 1. MTT assay of Bioglass and Alum Bioglass using fibroblast 3T3 cell lines. 
Absorbance  (570nm) Control  Alum 
Bioglass  
BG 1  
Trail 1 1.721  1.024  0.985  
Trail 2 1.731  1.054  0.994  
Average 1.726  1.039  0.9895  
   Control  BG 1  
Alum 
Bioglass  
% of cell viability  100  57.32908  60.19699  
% of cell Toxicity  0  42.67092  39.80301  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.3 Surface Morphology and elemental confirmation of Bioglass (a &d), Alum (b &e) and 
Bioglass-Alum (c & f) 
Hence, from the biocompatibility studies, it has been concluded that, the alum Bioglass was having a lesser 
fibroblast formation which is essential for osteoblast formation.  On the other hand the magnitude is in the range of 50% 
formation of fibroblast cell lines and hence it can even supports the formation of fibroblast and bone marrow cells in the 
later stages of  bone. 
4. Conclusion 
In the present work Bioglasses and alum Bioglass was prepared by sol-gel method. Bioglass is a osteoconductive 
composition it is constituted with Alum prepared through methods followed in Siddha system of medicines. Alum has been 
traditionally been used as a wound healing and disinfectant material and is found to have influenced the cytocompatibility of 
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the Bioglass. The phase analysis of the samples has been confirmed from XRD. The FESEM analysis of Bioglass and Alum 
Bioglass shows that the average particle size is lesser than 100 nm which confirms the nano Bioglass composite formation. 
The compositional analysis has been further confirmed with its corresponding EDS analysis. The biocompatibility of the 
samples was studied using in vitro studies. Fibroblast 3T3 cell lines were used and cytocompatibility and cell viability was 
studied using MTT assay. The absorbance recorded was at 570 nm. The result shows that all the samples are having 50% to 
60% cell viability for fibroblast cell lines with regard to osteoblast cell lines in bone reconstruction, the percentage of 
fibroblast formation must be less but not zero. Hence in our present study, all the samples we have reported are very much 
compatible for tissue engineering applications. 
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